Abstract-The paper presents a laser plasma source with a gas puff target as a metrology tool for EUV technology. The investigations of the source are described. The spectrum emitted from the source and the conversion efficiency (CE) was measured. The results give an opportunity to design a procedure for a calibration of detectors for extreme ultraviolet. The special laboratory setup was developed based on the procedure. The setup is characterized by very low outlay and good metrology features as well. Compared to currently used systems, this setup can be applied in small factories and laboratories producing for instance EUV detectors.
INTRODUCTION
Extreme Ultra Violet (EUV) is radiation laying in the wavelength range from 5 nm to 40 nm [1] . The range corresponds to the level of photon energy from 250 eV to 30 eV. Nowadays EUV radiation is applied to many technologies and science fields. The radiation spectral span is very useful for material technologies. For a short time, EUV radiation has been also used in micro-and nanomachining of organic polymers. This technology is based on the disruption of the polymer structure by photons. The use of EUV radiation is a new trend in a new generation projection lithography. The EUV lithography makes it possible a mass production of nanoelectronics (chips, memories). In the nearest future the sizes of electronics structures will be less than 32 nm. EUV lithography is characterized by higher efficiency in comparison with other modern technologies (for example electron, ion or x-ray lithography). In the paper, the results of the characterization of the EUV laser-plasma source with the gas puff target are presented. The source has been designed at the Institute of Optoelectronics [2] .
LASER PLASMA SOURCE WITH GAS PUFF TARGET
The EUV radiation can be generated during some kinds of physics processes (e.g., recombination or deexcitation in highly charged ions interior as well as electrons bremsstrahlung.
Nowadays synchrotron is the most composite source with good radiation parameters. However, many applications would benefit from table-top sources having high power peak and repetition rate. Compact sources provide better accessibility for application researches as well as lower costs. Such sources include for example laser plasmas, in which radiation is generated in high temperature plasma containing highly excited ion stages. The debris-free compact sources can be applied to metrology and diagnostics of EUV technology elements.
In the described source the gas puff target is irradiated with radiation generated by Nd : YAG laser. The radiation parameters (irradiance of the order of 0.4 10 10 W/cm 2 ) and gas density are sufficient for hot plasma creation. The main elements of the source are a Nd : YAG laser and a vacuum chamber with equipment. In the chamber the electromagnetic valves setup with positioning system was mounted. The setup serves a production of a gas target made up of two areas of different gases. The gas target with two streams is created by outflow of working gas (for example xenon, krypton, argon) in the midst of buffering light gas (helium, hydrogen) in concentric manner. Details of the valves system is described elsewhere [3] . The main task of buffering gas relies on maintaining high density of the working gas. The double-stream approach provides high density of the gas target.
INVESTIGATION TOOLS
During investigations of the source different kinds of measurements and diagnostics tools were used. For the spectrum analysis, a transmission gratings spectrograph was applied. The transmission grating was mounted in the pinhole providing spectrum measurements as well as spatial analysis. The image of the source was observed by pinhole camera with Mo/Si multilayer mirror. The picture was recorded by special CCD cameras operating at the EUV spectral range. The received spectrums also make it possible to determine energetic features of the source. However the energy efficiency was calculated basing on signals from the calibrated silicon photodiodes. The scheme of the investigation setup is shown in Fig. 1 . 
INVESTIGATION OF RADIATION SOURCE
During the first part of research the influence of the composition of the gas target as well as the time delay between the synchronization signal for gas nozzles opening and Nd : YAG laser pulse (∆t Xe , He, H, Ar) on EUV radiation intensity were investigated. The nozzle time delay results directly in density profile of the working gas in the target. The preliminary results showed that for Xe working gas the time delay of 800 µs is the most optimal for the maximum source intensity. The comparison of the registered EUV source intensity at wavelength of 13.5 nm for different time delays and for selected buffering gases is presented in Fig. 2 .
The results show that the lowest radiation intensity in the EUV range was measured in the Xe/Ar gas puff target case. Deep analysis of the time delay influence on EUV intensity for Xe/He and Xe/H targets show that the maximum source intensity is observed for time delays in the range from 300 µs to 400 µs. The highest intensity at 13.5 nm wavelength range was obtained for Xe/H target.
The determined optimal values of the time delays were selected for measurements of the EUV radiation energy at 13.5 nm using AXUV 100 series calibrated photodiodes. In Fig. 3 , the radiation energy versus time delay for Xe/He gas puff target is presented. The optimum value of the time delay ∆t He = 350 µs was found.
The investigations of influence of the laser focal spot position on the gas target were performed for established conditions of target creation: t Xe = 800 µs and t He = 350 µs. The position of the focal spot was controlled in three directions: H -height, ∆y -width, and ∆x -depth. The investigation results are presented in Fig. 4 . The maximum energy pulses of EUV radiation were observed for H = 1 mm (distance from the nozzles exit) and ∆x = 1 mm (defocusing).
The absolute measurements of the EUV source energy at 13.5 nm were made using the calibrated photodiodes. Additionally, calculations of the pulse energy for various laser focal positions, based on the spectral investigations, were also made. The obtained results are shown in Fig. 5 . The maximum value of pulse energy at 13.5 ± 0.5 nm was 0.79 ± 0.15 mJ/sr/pulse corresponding to the source efficiency of 0.88%/2π (BW = 7.4%). The optimal position of the laser focal spot in regard to the gas puff target corresponds to following values of optimization parameters: H = 1 mm, ∆x = 1 mm and ∆y = 600 µm. The influence investigations of the gas pressure in the valves on EUV intensity were carried out for Xe/He gas puff target (for optimal parameters of the time delays and the position of the laser focal spot on the target as well. The measurements were made using calibrated photodiodes. In Fig. 6 , the measurements results of the mean pulse energy for different values of the gases pressures are presented.
Analysis of the characteristics shows that there is neither significant nor straightforward dependence of pulse energy on helium pressure in the valve. The maximum pulse intensity value was 1.32 ± 0.11 mJ/sr per pulse for pressures: P Xe = 1.2 MPa and P He = 0.3 MPa and is the maximum intensity attained during the source investigations. The present data corresponds to conversion efficiency of 1.91% (for BW = 7%) or 0.36% (for BW = 2%).
CALIBRATION PROCEDURE
The presented results show that the conditions of plasma generation in the source fundamentally determine the metrology parameters of the laboratory setup for detectors calibration. The operation conditions of the source must be a compromise between high efficiency and a good stability. For the selected conditions, the radiation energy of the source is of 1 mJ/sr/pulse and stability of 5%. The measured stability of the source radiation results in accuracy of the calibration procedure. For this reason, a special testing procedure was prepared. The procedure is based on responsivities comparison of the tested detector with the model one. The calibration setup uses a special optical element that acts as beam splitter consisted of two multilayer mirrors. The view of the setup is presented in Fig. 7 . The diagnostic beam is separated into two chamber flanges. At the same time, the one part of radiation irradiates the tested detector and the second one is directed to the model calibrated detector. Based on the measured signals from the both detectors, the responsivity of the tested detector is calculated.
In the calibration method, the influence of the source stability on the calibration procedure is minimised. Metrology analysis of the testing procedure and used instruments makes it possible to determine the accuracy of the calibration process. The uncertainty of the responsivity measurements at 13.5 nm ± 7.4% was of 7.3%. 
CONCLUSIONS
The paper presents results of the investigation of the laser plasma source with the gas puff target. The investigations give an opportunity to determine optimal parameters of the source operation.
The results showed that the efficiency and stability depend on conditions of plasma generation.
The conditions relate to changes of time delays between opening time delays of valves nozzles and Nd : YAG laser pulse, energy of the laser pulse, pressures of the gases in the valves, and the position of the Nd : YAG laser focal spot on the target. Optimum operation parameters of the EUV source were determined. Maximum value of the measured energy was 1.32 ± 0.11 mJ/sr/pulse. The value is equivalent to conversion efficiency of 1.91% (BW = 7%) or 0.36% (BW = 2%). The further work in the direction of commercialization of the calibration setup should put emphasis on increasing of the EUV source intensity by rise the energy of Nd : YAG laser pulses and their duration and frequency as well.
